INTRODUCTION
============

ENKL is a newly recognized distinctive entity in the World Health Organization classification of lymphomas.^[@R1]^ It accounts for \<1% of all lymphomas in Western countries and ∼3% to 9% of all lymphomas in Asia.^[@R2]--[@R4]^ ENKL of the lung is extremely rare. To our knowledge, there are only a few reports about pulmonary ENKL written in English to date.^[@R5]--[@R8]^ Radiological features especially on computed tomography (CT) imaging of pulmonary ENKL are still not well known because there are few reported cases available. Here, we describe a case of pulmonary ENKL with multiple masses in both lung fields, which is different from previously reported cases. Furthermore, we reviewed the medical records of our hospital and the literatures published previously and summarize the chest CT features of pulmonary ENKL. To our knowledge, it is the first time that chest imaging of pulmonary ENKL was reviewed.

Case Report
-----------

An 83-year-old woman presented with intermittent fever for 2 weeks. She had no cough, sputum, or chest pain. Laboratory test results showed white blood cell count of 5.39 × 10^9^/L with a neutrophil percentage of 81.4%, hemoglobin of 115 g/L, and platelet count of 244 × 10^9^/L. She was treated with broad-spectrum antibiotics without improvement. The chest plain radiography and CT revealed multiple nodules and masses in both lung fields (Fig. [1](#F1){ref-type="fig"}).

![(A) Chest radiograph showing multiple bilateral masses, the margins of which are relatively well defined; no cavitation is observed. (B--D) CT images on admission show multiple randomly distributed nodules and masses of variable size in both lung fields. Halo signs can be seen in some of the masses (arrows). CT = computed tomography.](medi-94-e1527-g001){#F1}

The patient had been diagnosed with "panniculitis" because of lower limb skin ulceration 1 year before and prescribed prednisone 30 mg/day for 6 months.

Laboratory tests including two sets of blood cultures, and tumor markers, including SCC, Cyfra21-1, CEA, Pro-GRP, NSE, CA15-3, and CA19-9 were all normal. The G test and GM test were both negative. Antinuclear antibody, anti-ENA antibodies, and anti-neutrophil cytoplasmic antibodies were all negative. ^18^F-fluorodeoxyglucose -positron emission tomography computed tomography (PET/CT) scan revealed multiple intense hypermetabolic uptake in both lung fields (SUVmax 21; Fig. [2](#F2){ref-type="fig"}). A CT-guided transthoracic needle biopsy was undertaken. The final biopsy revealed CD3 + , CD5 + , CD20 − , and CD56 ± cells. In situ hybridization for Epstein--Barr virus (EBV)-encoded RNA showed a positive reaction. The cells were angiocentric and angioinvasive (Fig. [3](#F3){ref-type="fig"}). Based on the neoplastic morphology and the immunohistochemical examination of the atypical lymphocytes, the pathological diagnosis was ENKL (nasal type). The patient refused to undergo chemotherapy and her clinical condition continued to deteriorate. Repeat blood tests showed the white blood cell count of 2.43 × 10^9^/L with a neutrophil percentage of 69.6%, hemoglobin of 76 g/L, and platelet count of 86 × 10^9^/L. Ferritin in the serum was increased to \>2000 ng/mL and the triglyceride level was 6.29 mmol/L, and 2% hemophagocytes were detected in the bone marrow. The patient died of multiple organ failure on the 35th day after admission.

![PET image showing multiple intense hypermetabolic uptake in both lung fields. PET = positron emission tomography.](medi-94-e1527-g002){#F2}

![Histological sections of the lung show proliferation of atypical lymphoid cells infiltrating the alveolar septa and invading blood vessels. (A) Hematoxylin and eosin staining (×40). (B) Positive staining for CD3 (×40). (C) EBV-encoded small RNA is seen on immunohistochemical analysis (×40). EBV = Epstein--Barr virus.](medi-94-e1527-g003){#F3}

Since this is a retrospective study and would not influence the diagnosis and treatment process of the patient, the ethical review is not necessary. When we prepared the manuscript, the patient had passed away, so the informed consent was not signed. We concealed the patient\'s personal information carefully in the manuscript and would never reveal it.

DISCUSSION
==========

ENKL is rare and the nose and paranasal areas including the upper aerodigestive tract are the most commonly affected sites, followed by the skin and gastrointestinal tract. Lung involvement as the main manifestation is especially rare.^[@R9]^ In the present case, the lung may not have been the primary site of ENKL because a review of the patient\'s pathological sections from her lower limb skin and re-examination of the immunohistochemical staining by the pathologists confirmed that the pathological diagnosis was also ENKL. No other organ involvement was found by PET/CT. It is therefore reasonable to suggest that the skin was the primary site and the lung was the secondary site. It has been found that once the tumor develops outside the primary site, the disease progresses rapidly.^[@R5]^ The patient\'s clinical course seemed in accord with this finding. However, it is curious that the patient\'s lower limb skin was intact and the lesion was stable, while the patient was in hospital, and that there was no hypermetabolic uptake in her lower limb skin seen on the PET/CT scan. Zhou et al demonstrated that PET/CT presented high sensitivity (0.98) and specificity (0.99) in detecting the ENKL-related lesions.^[@R10]^ Therefore, it is reasonable to state that skin to lung is not a metastatic phenomenon but a multicentric involvement.

EBV Infection
-------------

EBV infection has been found to be associated with ENKL and hemophagocytic syndrome (HPS).^[@R11],[@R12]^ Some research has suggested that NK/T-cell and T-cell peripheral lymphomas are responsible for the majority of lymphoma-associated HPS, and about half of lymphoma-associated HPS is associated with EBV infection.^[@R13]^ Our patient had EBV RNA positive and peripheral blood cytopenia, significantly elevated levels of ferritin and triglycerides, and a hemophagocytic phenomenon in the bone marrow, so she could have been diagnosed with HPS associated with EBV infection.

Imaging of Pulmonary ENKL
-------------------------

The CT findings of pulmonary non-Hodgkin\'s lymphoma are varied and nonspecific. It can be seen as patchy shadows, consolidations, nodules, and segmental or lobar atelectasis.^[@R14]^ Herein the CT scan of this case showed multiple nodules and masses in both lung fields (Fig. [1](#F1){ref-type="fig"}), which was different from the imaging findings in previous cases.^[@R5]--[@R7],[@R15],[@R16]^ The maximum diameter of the masses was ∼5 cm. In some masses, air bronchograms were visible and the margins were ill-defined and halo signs could be seen, whereas in other masses, the boundaries were quite distinct. The halo sign could raise concern for bleeding of surrounding tissue caused by invasion of vessels by lymphoma cells. However, it is difficult to differentiate lymphoma from fungal infection and vasculitis on CT images.

We hoped to be able to find some clues from radiographic imaging of pulmonary ENKL to shed light on this devastating disease because radiographic data is the first and the most convenient data that the physicians could get. We reviewed the medical records of our hospital for the previous 10 years and found 5 other cases of pulmonary ENKL, which were diagnosed through CT-guided percutaneous lung biopsy or thoracoscopic lung biopsy. The chest images showed diffuse ground-glass opacity in both lung fields in 1 patient, bilateral multiple patchy infiltrations and consolidations in 2 patients, and bilateral multiple nodules in 2 patients. Bilateral pleural effusion was also seen in 2 patients. Hilar and mediastinal lymphadenopathy were not found (Fig. [4](#F4){ref-type="fig"}).

![Chest CT images of patients with pulmonary ENKL. (A,B) Patient 1: bilateral scattered patchy infiltrates and consolidation. (C,D) Patient 2: diffuse ground-glass opacity in both lung fields. (E,F) Patient 2: ∼2 weeks later. (G,H) Patient 3: bilateral multiple nodules and masses with bilateral effusion. (I,J) Patient 4: bilateral multiple nodules, infiltrates, and consolidations. (K,L) Patient 5: scattered multiple nodules, patchy infiltrates, and ground-glass opacity in both lung fields with bilateral effusion. CT = computed tomography, ENKL = extranodal natural killer/T-cell lymphoma.](medi-94-e1527-g004){#F4}

We also searched the PubMed database using the search terms "NK/T cell lymphoma AND lung" or "natural killer/T cell lymphoma AND lung". We finally found 6 case reports with the diagnosis of pulmonary ENKL written in English or Chinese and with chest CT images.^[@R5]--[@R7],[@R15],[@R16]^ The chest images showed multiple infiltrations and patchy consolidations in both lung fields in 3 patients, unilateral pulmonary consolidation in 1 patient, and multiple nodules and masses in both lung fields in 2 patients. Bilateral pleural effusion could also be seen in 2 patients. Hilar and mediastinal lymphadenopathy were not found.

The chest imaging findings from a total of 12 patients are summarized in Table [1](#T1){ref-type="table"}. We can draw some conclusions concerning the imaging features of pulmonary ENKL: diffuse or multiple lesions in both lung fields can be seen in almost all patients; patchy consolidations, nodules, and masses are the most frequent CT findings and infiltrations can also be seen; ground-glass opacity is relatively rare and may represent a relatively early stage of the disease because some areas of ground-glass opacity in this patient developed into consolidations at the end stage; and bilateral pleural effusion can accompany other lesions. To our knowledge, this is the first time that the chest imaging features of pulmonary ENKL were reviewed.
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Treatment of ENKL
-----------------

Concerning the treatment strategy, there is no essential difference whether the lung is the primary site or not. CHOP-based chemotherapy has been used for the treatment of ENKL, but with unsatisfactory results. However, in recent years, novel therapeutic approaches such as simultaneous chemoradiotherapy and [l]{.smallcaps}-asparaginase-based regimens including SMILE (steroid, methotrexate, ifosfamide, [l]{.smallcaps}-asparaginase, and etoposide) have improved the response to therapy and survival of ENKL patients. In patients with advanced ENKL, this regimen showed a complete remission rate of 35% to 50%, and an overall response rate of 74%.^[@R17]^ Nevertheless, due to the rarity of the ENKL, the best treatment strategy is still unclear.

CONCLUSIONS
===========

In summary, pulmonary ENKL is rare. As this disease is rapidly progressive with a poor prognosis, it is important to fully understand it. Chest imaging in our patient showed multiple masses and nodules in both lung fields, which is different from previous findings. To our knowledge, it is the first time that pulmonary images of ENKL were studied and if the radiographic manifestations are diffuse or multiple patchy consolidations or nodules and masses in both lungs with or without bilateral pleural effusions, the diagnostic considerations should include ENKL. CT-guided core needle biopsy is helpful for diagnosis in patients with mass shadows in the lung and especially in the patients who cannot tolerate surgical lung biopsy and tissue sampling is essential to establish a diagnosis.

Abbreviations: CT = computed tomography, EBV = Epstein--Barr virus, ENKL = extranodal natural killer (NK)/T-cell lymphoma, HPS = haemophagocytic syndrome, PET/CT^18^ = F-fuorodexoyglucose-positron emission tomography computed tomography.
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